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© Hollow fiber membrane separation elements are 
improved with respect to fluid flow and contacting by 
dividing the bundle of hollow membrane fibers in the 
element into discrete sub-bundles by use of radial 
baffles (2) in the module. 
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This invention relates to a hollow fiber module. 
In fabricating membrane modules, maximizing 
the contracting efficiency is of tremendous impor- 
tance. Contacting efficiency is a function of fluid 
dynamics and this is particularly true in concentra- s 
tion gradient driven processes (perstraction and 
pervaporation applications) and in pressure driven 
processes (reverse osmosis and ultrafiltration). 

Current permeator designs suffer from contact- 
ing efficiency limitations. Spiral wound, tubular w 
membrane, flat sheet, and hollow fiber modules all 
exhibit contacting efficiency limitations and attempt 
to address the limitations in various ways, including 
the use of flow direction blocks, turbulence promot- 
ers on the surface of the membrane, specially 75 
designed feed/retentate spacers, anti-channeling 
wraps etc. Absent such expedients the contacting 
efficiency limitations are compensated for by em- 
ploying more or larger modules so as to provide 
more effective surface area. 20 

Contacting efficiency limitations cannot be tol- 
erated where separation efficiency targets are high 
or where large volumes of materials are to be 
handled, providing additional surface area to com- 
pensate for inefficient contacting is not an accept- 25 
able solution in those cases. 

The present invention presents a permeator 
design criterion which significantly reduces contact- 
ing efficiency limitation problems for hollow fiber 
modules without adding more surface area. 30 

According to the invention there is provided a 
hollow fiber module wherein hollow fibers surround 
a central mandrel and are enclosed by a container, 
the container being divided into a number of pie- 
shaped regions by means of baffles extending from 35 
adjacent central mandrel along its length to adja- 
cent the interior wall of the container and affixed to 
the central mandrel or the interior wall of the con- 
tainer, or both, the central mandrel having at least 
one row of holes running fts length between the aq 
aforesaid baffles, the container wall being equipped 
with fluid exit means in at least one pie-shaped 
region defined by the baffle plates, the module 
ends through which the hollow fibers pass being 
potted to define a feed retentate zone and perme- 45 
ate zone. 

In a preferred, improved bundled hollow fiber 
membrane separation element, the bundle of hol- 
low fibers surrounding a central mandrel enclosed 
by a container is divided into a number of sub- 50 
bundles by means of multiple baffles attached to 
the central mandrel extending down its length and 
projecting radially from the central mandrel axis, 
defining pie-shaped regions from the central man- 
drel to the interior wall of the container. The mul- 55 
tiple baffles attached to the central mandrel are 
separate at the point of attachment from each other 
by one of a set of holes arranged in rows or a slit 



running the length of the central mandrel which 
defines the apex of the pie-shaped region. The 
container wall at the outer periphery of each pie- 
shaped region is likewise equipped with a number 
of holes or a slit through which fluid can escape 
from the module. As used hereinafter in the speci- 
fication and claims "holes" is understood to em- 
brace both a series of holes or a slit running the 
length of mandrel, or in the baffle plate or vessel 
wall, wherever the term "holes" is employed as the 
case may be. The baffles are attached to the 
central mandrel but are not necessarily attached to 
the interior wall of the container. The 
mandrel/baffle/hollow fiber assembly can be treated 
as a separate sub assembly, wrapped with a per- 
meable wrap and inserted into a container vessel, 
the walls of which are pierced by holes to allow 
fluid flow. If the baffles are attached to the interior 
wall of the container the vessel hardware can be 
fabricated as a single unit comprising central 
mandrel-baffles-container which is then loaded with 
hollow fibers placed in each discrete pie-shaped 
region. 

In either case the ends of the module through 
which the ends of the hollow fibers run is plotted or 
closed using a material to define a closed element 
defining a feed/retentate zone and a separate per- 
meate zone. 

The baffles need not be solid sheets of ma- 
terial but any material which to some extent re- 
stricts the free passage of fluid can be used. The 
baffle serves the purpose of preventing the chan- 
nelling of fluid on the hollow fiber module. In hollow 
fiber modules without baffles the fluid to be sepa- 
rated or alternatively the sweep fluid, when intro- 
duced into the module will usually flow along the 
path of least resistance. This is not necessarily the 
most desirable situation insofar as such channelling 
reduces the contacting which must occur between 
the fluid to be separated (or the sweep fluid used 
to maintain the concentration gradient) and the 
hollow fibers if efficient separations are to be ob- 
tained. The baffles prevent the channelling by forc- 
ing the fluid in each sector to flow through only that 
sector and not through some low resistance area 
elsewhere in the module. 

In a variation of this basic design, alternate 
baffles can themselves have holes or slits at al- 
ternating ends, i.e. one baffle has holes running its 
length down the end closest to the mandrel while 
its two neighbouring baffles (on either side) have 
holes running the length of the ends closest to the 
container wall. The container wall itself is pierced 
by only a limited series of holes and not the 
numerous series of the previous embodiment. 
Hereafter this configuration is described as "the 
alternate pierced baffle plate design". 

In such a configuration the hollow fiber module 
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contains hollow fibers surrounding a central man- 
drel which are enclosed by a container, the con- 
tainer being divided into one or more separate 
sectors (cylindrical or part-cylindrical in shape), 
each sector being divided into a number of pie- 
shaped regions by means of baffle plates affixed to 
the central mandrel along its length and to the 
interior wall of the container, the central mandrel in 
each sector having a single row of holes running its 
length between a single pair of baffle plates, one of 
the baffle plates bordering said row of holes being 
unpierced and extending from the central mandrel 
to the interior wall of the container, the other baffle 
plate having a row of holes along the edge op- 
posite the central mandrel and nearest the edge of 
attachment to the interior wall of the container, 
each baffle plate thereafter being alternatively 
pierced by holes either near the edge of attach- 
ment to the central mandrel or near the edge of 
attachment to the interior wall of the container so 
as to define a serpentine fluid flow pattern, the 
container wail in each sector being equipped with a 
single set of holes defining fluid exit/entrance 
means in the pie-shapped regions adjacent to the 
next pie-shaped region having holes in the centra! 
mandrel and bounded by an unpierced baffle plate, 
the module ends through which the follow fibers 
pass being potted to define a feed retentate zone 
and a permeate zone. 

In this embodiment (one series of central man- 
drel holes and alternate pierced baffle plate design) 
the containment vessel has only one series of 
exit/entrance holes in its body. This series of holes 
runs the length of the container, parallel to the 
central mandrel and is most effectively placed so 
as to be in the container wall of the pie-shaped 
region immediately adjacent to and downstream 
from the pie-shaped region having holes in the 
central mandrel, the baffle common to these two 
pie-shaped regions being free of any holes. In this 
configuration the fluid to be separated can be fed 
into the central mandrel and enters the first pie- 
shaped region through the series of holes in the 
mandrel. The fluid flows past the sub-bundle on the 
outside of the hollow fibers and the component to 
be separated permeates into the interior of the 
hollow fiber under the influence of a driving force 
which can be an applied pressure on the outside of 
the hollow fiber or a concentration gradient on the 
inside of the fiber maintained by use either of a 
sweep fluid (prestraction) or a vacuum 
(prevaporation). The feed moves across the hollow 
fibers to the outer edge of the pie-shaped region 
wherein one of the baffle walls is pierced by a 
series of holes permitting the fluid to flow into a 
second pie-shaped sector. Because the next series 
of holes in the next baffle plate is back near the 
apex end of the pie-shaped region the fluid is 



forced to turn a corner and flow through the holes 
in the baffle plate near the outer edge of the pie- 
shaped region to the holes in the adjoining baffle 
plate which are near the central mandrel. This 

5 serpentine flow pattern is maintained through a 
multiplicity of pie-shaped regions until the fluid 
reaches the final region adjacent to the unpierced 
baffle plate. This pie-shaped region is pierced by 
holes in the container wall wherein the retentate 

10 fluid exists the vessel. The material which perme- 
ates through the hollow fibers is recovered outside 
the potted ends of module. Of course, flow can be 
reversed, that is, the feed can be introduced into 
the module through the opening in the outer vessel 

75 wall while retentate is removed through the central 
mandrel. Permeate is recovered from the interior of 
the hollow fibers. 

While the operation of only a single series of 
holes embodiment has been described, it is possi- 

20 ble that the module is divided to a number of 
sectors e.g. 180° sectors or 120° sectors, etc. 
center mandrel being pierced by 2, 3 or more 
series of holes, one series corresponding to the 
upstream pie-shaped region of each sector with 

25 serpentine channel flow directing baffles in each 
pie-shaped region, the walls of and module in each 
sector being themselves pierced in the last pie- 
shaped region downstream from the pie-shaped 
region having holes in the center mandrel but up- 

so stream from the next pie-shaped region having 
holes in the center mandrel. Such sectors are de- 
fined by the unpierced baffle plate extending the 
radius of the mandrel from the center mandrel to 
the wall of the vessel. 

35 Likewise all fluid flows can be reversed with 
feed being introduced into the center of the hollow 
fibers with sweep fluid being introduced into the 
module through either the center mandrel or 
through the opening in the outer vessel wall. When 

40 sweep is introduced through the center mandrel, 
the permeate/sweep stream is recovered through 
the opening in the outer vessel wall. 

The module can also be divided into a number 
of separate sectors, each sector being divided into 

45 a multiplicity of pie-shaped regions using baffle 
plates in yet another way. A central mandrel sur- 
rounded by a bundle of hollow fibers fitted inside a 
perforated vessel is located inside a containment 
vessel. The central mandrel has a single row of 

so holes in each sector down its length in the limit, a 
single row of holes when the module has a single 
sector. Each sector is defined by an unpierced 
baffle plate extending from the central mandrel 
through the perforated vessel to an edge of attach- 

55 ment to the interior wall of the containment vessel. 
A first unpierced baffle plate is attached to said 
central mandrel and extends through the wall of the 
perforated vessel through a periphery zone be- 
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tween the perforated vessel and the containment 
vessel to an edge of attachment along the interior 
wail of the containment/accumulation vessel; a sec- 
ond baffle plate similarly unpierced is on the other 
side of the row of holes in the central mandrel and s 
is just affixed to the interior wail of the perforated 
vessel. Alternate baffle plates are (1) affixed to the 
central mandrel and pierced by a row of holes 
along the edge adjacent to the central mandrel (or 
spaced away from the central mandrel) and (2) io 
affixed to the central mandrel and unpierced by 
holes. All the baffle plates are attached to the 
interior wall of the perforated vessel; those baffle 
plates which are affixed to the central mandrel and 
pierced by holes (or spaced away from the central 75 
mandrel) extending through the perforated vessel 
wall into the periphery zone defined by the perfo- 
rated vessel and an unperforated 
containment/accumulation vessel and attached to 
the interior wall of said containment/accumulation 20 
vessel thereby dividing the periphery zone into pie- 
shaped regions to thereby define a serpentine fluid 
flow pattern, the wall of the 
containment/accumulation vessel in the area of the 
last pie-shaped region of the periphery zone for 25 
each sector being fitted with a fluid exit/entrance 
means. The module ends through which the hollow 
fibers pass are potted to define a feed-retentate 
zone and a permeate zone. 

Feed entering the module through the row of 30 
holes in the central mandrel is forced by the un- 
pierced baffle plates to flow to the periphery of the 
entrance pie-shaped region and there passes 
through the holes in the wall of the perforated 
vessel into the periphery zone. The fluid flows in 35 
the periphery zone until it meets the obstacle 
formed by an extending baffle wall which directs 
fluid flow back through the holes in the perforated 
vessel wall into a second pie-shaped region with 
flow directed back to the central mandrel. The 40 
baffle plate which created the periphery zone block 
is not attached to the central mandrel or if attached 
is perforated by a row of holes near the central 
mandrel so fluid flow is directed around the baffle 
and into a third pie-shaped region, with the flow 45 
heading back to the periphery zone. TTie fluid again 
passes through the holes in the perforated vessel 
into a pie-shaped region of the periphery zone 
wherein flow is again forced by an extended baffle 
plate to turn back into the perforated vessel 50 
through the holes in its walls to again flow toward 
the central mandrel. 

This convoluted serpentine flow continues until the 
feed fluid reaches a last or end pie-shaped region 
at which flow is prevented from passing on to the 55 
next quadrant by a flow block baffle and is recov- 
ered via exit means fitted in the 
containment/accumulation vessel. Permeate is re- 



covered from the interior of the hollow fibers. In 
such a design the module can also be divided into 
2, 3 or more sectors each with a number of pie- 
shaped regions employing baffles to define 
sequentive flow pattern, each section being ser- 
viced by a pie-shaped region having a row of holes 
in the center mandrel and a downstream end pie- 
shaped region fitted with exit/entrance means. Of 
course, flow can be reversed with feed being intro- 
duced into the hollow fibers and sweep fluid being 
introduced through either the center mandrel or the 
hole in the containment/accumulator vessel wall at 
the end pie-shaped region. 

These hollow fiber membrane separator ele- 
ments containing baffle plates can be constructed 
out of any appropriate material which can stand up 
to the environment to which it is exposed. If the 
driving force is an applied pressure a vessel con- 
structed of pressure resistant material, or at least 
reinforced to withstand the pressure is needed. 
Such a vessel can be metal (steel, brass, alumin- 
ium etc.) or polymer such as nylon or glass re- 
inforced polymer and can be cast as a single unit 
(with open ends into which the hollow fibers can be 
inserted into the module). When the hardware is 
produced as a single piece the necessary holes 
can be machined into the mandrel, baffles and 
container walls by appropriate machining and hole 
drilling techniques. Alternatively the module can be 
manufactured in parts which are machined so as to 
have the holes in proper location and the parts 
subsequently assembled using adhesives or weld- 
ing as appropriate. Modules employed in perstrac- 
tion or pervaporation processes can be similarly 
extruded as a single piece (with open ends) or 
assembled from parts made of materials which can 
withstand the feed and sweep fluids used (in the 
case of perstractor) and the temperatures and 
vacuum used (for pervaporation). 

Because of the open ends of the module which 
are needed for insertion of the hollow fibers, the 
production of a closed vessel defining a feed- 
retentate zone and a permeate recovery zone re- 
quires that the open ends be somehow closed with 
the ends of the hollow fibers projecting beyond the 
closure and remaining unplugged. This can be 
easily accomplished by potting the module ends 
using an appropriate adhesive such as epoxy or 
silicon resins. Other thermoset or catalytically set 
resins or plastics can be used, depending on the 
service in which the module will be used. 

Membrane modules of this configuration can 
be used in any number of separations, to treat 
brackish water, deoiling, waste water recovery, sep- 
aration of organic mixtures, aromatics from non- 
aromatics separations, extraction solvent recovery 
etc. The list of potential applications is only limited 
by the imagination of the practitioner. 
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The hollow fibers can themselves be any of the 
typical polymeric separation membranes now know 
or hereafter discovered for use in separation pro- 
cesses. Further, the hollow fiber can even be hol- 
low ceramic tubes such as porous alumina, cor- 
dierite etc. Typical membrane hollow fiber can be 
regenerated cellulose, polyvinyl alcohol, cellulose 
esters, cellulose ethers, mixed cellulose 
ester/ethers, poiyurethane, polyurea/urethane, poly- 
benzimidazoles, polyimide, polysulfone, nylon, 
teflon, polypropylene etc. 

The invention will be better understood by ref- 
erence by way of example, to the accompanying 
drawings, wherein: 

Figures 1 and 1a are schematic cross-sectional 
views of one form of multi-sector baffled per- 
meator device according to the invention, 
Figure 2 is a schematic cross-sectional view of a 
modified multi-sector baffled permeator device 
having an alternately pierced baffle plate design, 
and 

Figure 3 is a schematic cross-sectional view of a 
multi-sector baffled hollow fiber device having a 
periphery zone for fluid flow between sectors. 
Figures 1 and 1(a) are schematics of a multi 
sector, multi pie-shaped region device wherein the 
central mandrel (1) has a multiple of solid baffle 
plates (2) extending radially therefrom, which cen- 
tral mandrel has a multiple series of holes (3) 
running down its length between the points of at- 
tachment of the baffles to the mandrel. In the 
embodiment of the figure the baffles are connected 
at both ends, one end to the central mandrel, the 
other to the interior wall of the vessel (4). The walls 
of the container vessel are also pierced by holes in 
each pie-shaped region. This module can be 
placed in a final containment vessel not shown so 
that the fluid existing the holes in the walls of the 
container vessel can be directed in a controlled 
manner to a storage vessel or to other processing 
vessels for further processing. 

Figure 2 is a schematic of a single sector, multi 
pie-shaped region device having the alternately 
pierced baffle plate design. A central mandrel (1) 
having only a single row of holes (2) has radiating 
from it a multiple of baffle plates (3). These baffle 
plates are alternately pierced either near the end 
closest to the central mandrel or closest to the 
point of attachment to the interior wall of the con- 
tainer vessel. A final unpierced baffle plate (4) 
forms the common wall between the feed introduc- 
tion sector and the retentate exit sector. The reten- 
tate exit sector has a hole or series of holes (5) in 
the wall of the container vessel to permit exit of the 
feed/retentate. 

Figure 3 is a schematic of a single sector, multi 
pie-shaped region hollow fiber device having a 
periphery zone for fluid flow between sectors. The 



device has a centra) mandrel (1) pieced by only a 
single row of holes (H) by which feed is introduced 
into a first sector (2). This first sector is formed by 
an unpierced baffle plate (3) extending from the 

s central mandrel (1) through a perforated vessel wall 
(4) and attached to the interior wall of a 
containment/accumulation vessel (5) and an unpier- 
ced baffle plate (3A) attached to the central man- 
drel but extending only to the interior wall of the 

70 perforated vessel. Hollow fibers (6) are in this first 
sector and in all subsequent sectors. Feed entering 
this first sector from the central mandrel flow past 
the hollow fibers and through the perforated vessel 
into the periphery zone (7) which exists between 

75 the perforated vessel (4) and the containment ves- 
sel (5). Feed flow is forced to enter a second pie- 
shaped region (8) through holes in the perforated 
vessel wall by being diverted by a block created by 
a baffle plate (9) which is attached to the interior 

20 wall of the containment vessel and extends into the 
module to near the central mandrel. This baffle 
plate, if attached to the central mandrel is pierced 
by holes or opening along the edge close to the 
mandrel. Alternatively the baffle plate is spaced 

25 away from the central mandrel. In either event the 
holes or the gap created by spacing the baffle 
plate away from the central mandrel (designated 
10) creates a feed flow path which directs the need 
into yet another downstream pie-shaped region 

30 (11) for contacting with additional hollow fibers. The 
feed continues into serpentine flow through the 
module until it enters a final pie-shaped region 
(12). In that sector further flow to other sectors is 
prevented by a the unperforated baffle plate (3) 

35 attached to the central mandrel and the interior wall 
of the containment vessel. Feed flow is directed out 
of the module through feed/retentate exit means 
13. 

In any of the above described configurations 
40 the ends of the vessel are potted to define sepa- 
rate feed/retentate and permeate zones. The hollow 
fibers extend through this potting and are not 
plugged and thus are open to the separate perme- 
ate zone permitting free passage of the permeate 
45 from* the interior of the hollow fibers, through the 
potting and into a permeate recovery zone. 

Claims 

so 1. A hollow fiber module wherein hollow fibers 
surround a central mandrel (1) and are en- 
closed by a container (4), the container being 
divided into a number of pie-shaped regions 
by means of baffles (2) extending from adja- 

55 cent central mandrel (1) along its length to 
adjacent the interior wall of the container (4) 
and affixed to the central mandrel (1) or the 
interior wall of the container (4), or both, the 
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central mandrel (1) having at least one row of 
holes (3) running its length between the afore- 
said baffles (2), the container wall being 
equipped with fluid exit means in at least one 
pie-shaped region defined by the baffle plates, 5 
the module ends through which the hollow 
fibers pass being potted to define a feed reten- 
tate zone and permeate zone. 

2. A hollow fiber module as claimed in Claim 1, w 
wherein the baffles (2) are affixed to the central 
mandrel (1) along its length and the container 

wall is equipped with holes in each pie-shaped 
region defined by the baffles (2) and the cen- 
tral mandrel (1) has a row of holes (3) running 75 
its length between the baffles (2) of each pie- 
shaped region (Fig 1). 

3. A hollow fiber module as claimed in Claim 1, 
wherein the container is divided into one or zo 
more separate sectors, each sector being di- 
vided into a number of pie-shaped regions by 
means of baffle plates (3,4) affixed to the cen- 
tral mandrel (1) along its length and to the 
interior wall of the container, the central man- 25 
drel in each sector having a single row of holes 

(2) running its length between a single pair of 
baffle plates, one of the baffle plates (4) bor- 
dering said row of holes (2) being unpierced 
and extending from the central mandrel (1) to 30 
the interior wall of the container, the other 
baffle plate (3) having a row of holes along the 
edge opposite the central mandrel and nearest 
the edge of attachment to the interior wall of 
the container, each baffle plate (3) thereafter 35 
being alternately pierced by holes either near 
the edge of attachment to the central mandrel 
(1) (or being spaced away therefrom) or near 
the edge of attachment to the interior wail of 
the container so as to define a serpentine fluid 40 
flow pattern, the container wall in each sector 
being equipped with a single set of holes (5) 
defining fluid exit means in the pie-shaped 
region adjacent to the next feed inlet pie- 
shaped region and bounded by an unpierced 45 
baffle plate. (Rg 2) 

4. A hollow fiber module as claimed in Claim 1, 
wherein the hollow fibers surrounding the cen- 
tral mandrel (1) are fitted inside a perforated 50 
vessel (4) enclosed by the container (5), the 
container being divided into one or more sepa- 
rate sectors, each sector being divided into a 
number of pie-shaped regions (2,8,11,12) by 
means of first and second baffle plates (3, 3A), 55 
the first baffle plates (3) being unpierced by 
holes attached to said central mandrel (1), the 
central mandrel (1) having a single row of 



holes (H) running its length in each pie-shaped 
region, the unpierced baffle plate 93) in each 
pie-shaped region being attached to the central 
mandrel along one side of the row of holes (H), 
said unpierced baffle plate (3) extending 
through the wall of the perforated vessel (4) 
into a periphery zone (7) defined between the 
perforated vessel (4) and the surrounding con- 
tainer (5) to an edge of attachment along the 
interior wall of the container (5), the second 
unpierced baffle plate (3A) being affixed to the 
central mandrel (1) along the other side of the 
row of holes (H) in the central mandrel (1) and 
attached to the interior wall of the perforated 
vessel (4), there being additional baffle plates 
(9) alternately affixed firstly to the central man- 
drel (1) and pierced by a row of holes along 
the edge adjacent to the central mandrel (or 
spaced away from the central mandrel) and 
secondly to the central mandrel (1) and unpier- 
ced by holes, all of which said baffle plates (9) 
are attached to the interior wall of said perfo- 
rated vessel (4), those baffle plates which are 
affixed to the central mandrel (1) and pierced 
by holes (or spaced away from the central 
mandrel) extending through the wall of the 
perforated vessel (4) into the periphery zone 
(7) defined by the perforated vessel and the 
surrounding unperforated container (5) and be- 
ing attached to the interior wall of said con- 
tainer (5) so that the periphery zone (7) is itself 
divided into pie-shaped regions so as to define 
a serpentine fluid flow pattern, the wall of the 
container (5) in the area of the last pie-shaped 
region of said periphery zone of each sector 
being fitted with a fluid exit/entrance means. 
(Fig 3). 
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